After presenting the history, the evolution and the content of innovation surveys, we discuss the characteristics of the data they contain and the challenge they pose to the analyst and the econometrician. We document the two uses that have been made of these data: the construction of scoreboards for monitoring innovation and the scholarly analysis of various issue related to innovation. In particular we review the questions examined and the results obtained regarding the determinants, the effects, the complementarities, and the dynamics of innovation. We conclude by suggesting ways to improve the data collection and their econometric analysis. JEL: O30, O50, C35, C81,
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Introduction
The traditional measures of innovation are R&D expenditures and patents. Following the recommendations of the Frascati Manual (OECD, 2002) , R&D expenditures have been regularly collected, usually on an annual basis, in R&D surveys since the 1950s in many countries. Patent data stretch much further back in time, to the 19 th century, the development of intellectual property rights and the institution of national patent offices, and they are nowadays easily available electronically. However, R&D measures only an input in the innovation process, although it is a major one, and patents only cover innovations that are sufficiently new and deemed worth to be patented by the patent applicant, and that may never be introduced on the market. A third source of innovation indicators that has become widely used are those from innovation surveys. They provide qualitative and quantitative data on innovation activities and on the successful introduction of different types of innovation on the market. They are extensively taken into consideration by statisticians and policy observers to benchmark and monitor innovation performance, as well as by economists and econometricians to explore and analyze the determinants and the effects of innovation and a variety of other related topics. In this paper we describe the innovation surveys, we review how useful they may be for constructing indicators and scoreboards to inform innovation policy, and also, and this is our main focus here, for making progress in econometric analyses of innovation; and finally we make a few general suggestions on what could be done to improve these surveys and their usefulness in the future.
The first such surveys were conducted in the 1950s in Britain by Carter and Williams (1958) (Pavitt, 1984 , Robson et al., 1988 and in the 1980s at the German Ifo Institute for Economic Research at the University of Munich. Pilot projects were then conducted in a certain number of countries, namely Canada, France, Germany, Italy, Luxembourg, the Netherlands, Norway, Sweden, Uruguay and the United States. Through a joint effort by the OECD and Eurostat these innovation surveys were formalized and standardized in the Oslo Manual, the first version of which appeared in 1992 and subsequent revisions in 1996 6 and 2005. The Oslo Manual (OECD, 1992 (OECD, , 1996 (OECD, , 2005 defines what is meant by an innovation, the different ways in which an enterprise can innovate, ways of quantitatively measuring innovation on the input and on the output side, various degrees of novelty of innovation, and various questions regarding the sources, the effects, the obstacles and the modalities of innovation.
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Today a large majority of countries throughout the world conduct innovation surveys. In Europe they are known as the Community Innovation Surveys (CIS) and are conducted at regular intervals. Up to the third revision of the Oslo Manual, they were conducted every four years, i.e.
in 1993 , 1997 for respectively CIS 1 (1990 -1992 , CIS 2 (1994 CIS 2 ( -1996 , CIS 3 (1998 CIS 3 ( -2000 and CIS 4 (2002 CIS 4 ( -2004 . From 2007 on, they are run at two-year intervals and are named by the last year that they cover (e.g. CIS2006 and CIS2008). 2 The surveys still cover a three year time span. CIS1 was generally restricted to manufacturing enterprises, from CIS2 onwards surveys have been extended to services. Special surveys have been conducted for specific industries: for example, in the Netherlands farm level data were collected by the Agricultural Economics Research Institute (see Diederen, van Meijl and Wolters, 2002) , Statistics Canada organized a unique innovation survey for the construction industry 3 (see Anderson, 2003) and included the natural resource sector in its 1999 Survey of Innovation (see Schaan, 2003) . In 2001 a Latin American complement to the Oslo Manual was published, the Bogotá Manual, a complement to the Oslo Manual with more emphasis on absorption capacity, technological capabilities, and innovation efforts (Jaramillo et al, 2001 ). The CIS surveys are now conducted in all EU member states, sometimes even at a regional level. Innovation surveys exist under different acronyms in many other OECD countries, but also in emerging economies, transition countries and developing countries. By and large the surveys have the same structure 7 and the same questions regarding innovation, but there are some differences across countrieseven in the CIS -regarding the content, formulation and ordering of the questions. We confine ourselves here to a presentation of the innovation surveys that follows the general guidelines of the Oslo Manual, and to a review of econometric studies that use the data from these surveys, excluding those that are based exclusively on R&D data, patents, literature based indicators, bibliometric and other innovation indicators from other types of more specific surveys. From now on when we shall refer to innovation surveys we shall mean the majority of surveys based on the Oslo Manual recommendations or directly inspired by them. These surveys are certainly among the most exploited statistical surveys by economists in the many countries where they are regularly performed and made widely available through various types of 4 Besides the 27 EU countries, they are Canada, Norway, Switzerland, Russia, Turkey, Australia, New Zealand, Argentina, Brazil, Chile, Colombia, Mexico, Peru, Uruguay, Venezuela, South Korea, Taiwan, Singapore, Malaysia, Thailand, Japan, China, Vietnam, Indonesia, South Africa and Tunisia. India and the majority of the 20 African countries of NEPAD (The New Partnership for African Development) are presently launching their innovation surveys.
8 confidentiality agreements. 6 It is impossible in the large and burgeoning literature taking advantage of the innovation survey data to do justice to all the existing studies. Our purpose is thus not to try to cover the whole literature but to illustrate the use that can be made of these data to deepen our understanding of innovation, and to suggest improvements in the data collection and analysis. Inevitably we will mention only a very small fraction of the literature to illustrate some of the points that we want to bring to the reader's attention. If we tend to refer to our own papers more often than to others, it is not because we consider them better or more
representative, but simply because we know them best. Similarly, if we mostly cite studies based on the European innovation surveys CIS, it is not only because they have given rise to an especially great number of studies, but also because our own experience is largely based on using them.
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In the following sections, we shall first present the general structure and contents of the innovation surveys and comment on the characteristics of the data they provide (section 2 and 3).
We shall then consider briefly their direct use for constructing innovation indicators and scoreboards, which is de facto their main purpose (section 4). We shall next consider econometric studies which take advantage of the innovation data. We shall review those more at length, but still without going into details, distinguishing among them three broad, often overlapping, categories: studies on the determinants of innovation, studies on the effects of innovation, and studies on specific topics, such as mainly complementarities and persistence in innovation (sections, 5, 6 and 7). Before concluding we shall also make a few remarks on how to make progress both on the design and implementation of the innovation surveys themselves, and on their appropriate and relevant use for the purpose of econometric analysis (section 8).
6 Some of the possible ways of accessing micro data in the respect of the confidentiality agreements are the on-site access at the statistical office, the exclusive remote access in a secure environment, the establishment of a secrecy committee, and the access only to micro aggregated data.
7 For a previous survey of the literature using innovation survey data, the reader is referred to Arundel and Bordoy (2005) . For a review of studies using innovation surveys in developing countries, see Bogliacino et al. (2009) .
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Structure and content of innovation surveys
The Oslo Manual started and evolved out of a concern to complement patents and bibliometric indicators and R&D surveys and to directly characterize firms' innovation process. It thus basically provides:
-a) indicators of innovation output, such as the introduction of new products and processes, organizational changes and marketing innovations, the percentage of sales due to products new to the firm or new to the market, and the share of products at various stages of the product lifecycle;
-b) a wider range of innovation expenditures or activities than R&D expenditures, such as the acquisition of patents and licenses, product design, personnel training, trial production, and market analysis; -c) information about the way innovation proceeds, such as the sources of knowledge, the reasons for innovating, the perceived obstacles to innovation, the perceived strength of various appropriability mechanisms, and the partners of research cooperation.
The innovation surveys assemble data on innovators and non-innovators, where "innovators" are defined as enterprises that over a given period of time, most generally the last three years, have introduced a new product or a new process, or have at least tried to or are still in the process of doing so, where "new" is defined as substantially improved or completely new, and "new product" can be new only to the firm or also new to the market. In these surveys, firms are asked to give information about the inputs, the outputs and the behavioral and organizational dimensions of their innovative activities. The Oslo Manual opted for the subject approach, i.e. for collecting data at the firm level, including all its innovation outputs and activities. This implies that we do not have data about particular innovation projects. The object approach in contrast would make the individual innovation the unit of analysis, as is the case for literature-based innovation counts. One important advantage of the subject approach is that the innovation surveys collect comprehensive data at the decision making level of the firm, which is also the level of available accounting and financial data that can be merged with the innovation data for richer analyses and that can be easily related with industry statistics and national accounts. It also naturally covers innovators and non-innovators, generators and users of innovation. In spite of its difficulties, the subject approach is on the whole less demanding than the object approach, which raises specific difficulties to identify, compare and assess individual innovations. The drawback with the subject approach is that it takes as a whole all the innovation projects of a firm, some being highly successful, some less and others not at all. Analyses at the individual innovation project level, whenever possible, can be of course extremely instructive and useful to complement and enlighten analyses performed at the overall level of firms.
Characteristics of innovation survey data
Most of the data collected in innovation surveys are qualitative, subjective and censored. They are taken from stratified samples (where the strata are generally defined in terms of size and industry, and sometimes regions). They come in waves of cross-sectional data, where the same firms are not necessarily sampled wave after wave. Moreover there are significant differences between waves over time and between countries in the innovation surveys regarding content of the questionnaire, response rates, and sampling. All these features of the data create specific difficulties and require particularly careful handling for the construction of indicators and the implementation of econometric analyses, and for their proper interpretation and use. We consider them here in turn indicating briefly how they can be dealt with as satisfactorily as possible.
Qualitative variables: As shown in Table 1 that we have little information regarding non-innovating firms and hence, in the absence of additional information about these firms obtained by merging the innovation survey data with other firm data, we do not have not much room to discriminate between innovators and non-innovators and to correct adequately for potential selectivity biases.
Subjective data: Many of the variables, qualitative and quantitative as well, are of a subjective nature, being largely based on the personal appreciation and judgment of the respondents.One of the most interesting variables and that is relatively well known, the share in total sales due to new products, has, for example, values that tend to be rounded (10%, 15%, 20%, …), attesting to its subjective nature and suggesting that perhaps we should treat it as a categorical variable and not make too much out of its continuous variations. What exactly is defined as a new or improved product is not always clear anyway, certainly not to the respondents. There are some examples given in the Oslo Manual, which are themselves more or less debatable and are not always reproduced in the questionnaires. 10 The distinction between "new to the firm" and "new to the market" is also subject to a great deal of subjective judgment. To give a correct answer to this question presupposes a very good knowledge of one's market.
Quality of variables and errors in variables:
The quality of subjective answers to questions posed in innovation surveys can be very different depending on the judgment and knowledge of the respondents. Even when the answers are based largely on accounting or internal report information, firms generally do not keep this information in a form that enables them to giv precise answers. The quality of the data is thus necessarily uneven and random errors of classification and measurement in qualitative and quantitative variables are inevitable. In the case of innovation surveys, experience has shown that the share of sales due to new products can be relatively accurate, even though it is often rounded to the nearest 5%. The reason is that most firms do actually track their sales by type of product, so that they can recover this information when asked, at least conditional on a correct classification of their products as "new or substantially improved", as explained in the innovation survey questionnaire. In contrast, the innovation expenditure variable, which is another interesting quantitative variable that extends the notion of R&D spending (as defined in the Frascati Manual), is often of rather low quality or not even answered, at least until recently. Innovation expenditures are intended by the Oslo
Manual to be the sum of R&D spending plus worker training, capital expenditures, marketing and engineering expense that is associated with new processes and products. Except for R&D spending, which many firms are used to reporting, these expenditures are often not separately tracked from those related to older products and processes, making reporting difficult. Another potentially interesting quantitative variable, which could be the counterpart of the share of sales due to new products, is the relative reduction in production costs due to process innovation.
However, this variable has not been considered in the CIS innovation surveys, except in Germany, since a question asking innovating firms to provide such a measure is deemed as being too difficult to answer with sufficient reliability.
Cross-sectional data and endogeneity issues:
Basically innovation survey data are of a crosssectional nature, and it is always problematical to address econometric endogeneity issues and make statements about directions of causality with cross-sectional data. Many of the variables in the innovation surveys concern strategic decisions of the enterprise: doing R&D and innovating, applying for financial support and intellectual property protection, cooperating in innovation.
These decisions are largely determined simultaneously and are jointly dependent on third factors, which we do not know or do not observe and for which we have very few exogenous or environmental variables that can serve as relevant and valid instruments. A proper analysis of causality with innovation survey data would require structural modeling in a dynamic setting and 14 hence the availability of panel data. It is, however, very difficult to construct panel data samples by merging consecutive innovation surveys because they are performed every four years in most countries and every two years in only a few of them, and since moreover they are based on a stratified sampling design and have low response rates in the countries where they are not mandatory. 11 It is also the case that the innovation surveys refer to a three-year period for most of the qualitative variables, and to the last year of that period for the quantitative variables. For instance, an enterprise may declare that they have introduced a new product on the market in the last three years, but its success and performance in doing so, as measured by the percentage of total sales attributed to the products introduced in the last three years, is assessed in the last year of that time-span. Most of the natural candidates as explanatory variables for such innovation performance in an econometric model, such as firm size and R&D intensity, are also only available in this last year. When a panel, even if short, can be constructed and lagged variables can be introduced as explanatory variables, then lags refer to a four-year or a two-year period depending on the frequency of the surveys. 
Indicators and scoreboards
The main purpose of innovation surveys and the leading reason why they are performed regularly in an increasing number of countries are certainly to inform the research and innovation policies of these countries by helping them to benchmark and monitor their innovation performance on the basis of appropriate indicators and scoreboards. It is not primarily to provide data for econometric analyses of innovation and a better understanding of its process, and thus also contribute, but indirectly and progressively, to improved evidence-based policy . Some components might be highly correlated giving undue weight to certain dimensions, although this can be dealt with using principal component analysis. The interaction among indicators, precisely the idea behind the notion of complementarity or optimal policy mix (to which we shall return), is often ignored. It is even more difficult to aggregate qualitative data unless there is an underlying latent variable model or a constructed latent variable from a factor or principal component analysis (see Hollenstein, 1996) . Moreover, it is heroic to make international comparisons when the questionnaires differ in their content, the order of the questions and their formulations, and when the sampling of respondents differs across countries. In countries with non mandatory surveys, there may be an endogenous selection of respondents that have a tendency to respond in a certain way. An innovative firm can be defined as one that had successfully introduced one of these types of innovations in the period under consideration, but it could also be enlarged to firms that had not yet introduced the innovation, but had unsuccessfully tried to innovate or were still in the process of implementing the innovation. Product innovations have moreover been distinguished by their degree of novelty (new to the firm, region-first, country-first, or world-first). As an alternative, being innovative could be measured on the input side by the fact of having pursued innovation activities, such as R&D, acquisition of external knowledge, training for new products and processes and their introduction on the market.
Some researchers have tried to explain why a firm is innovative or not, i.e. by explaining a dichotomous measure of innovation (pertaining to a particular type of innovation output or innovation activity, or to the occurrence of any of them). Others have gone one step further and investigated the factors that explain the intensity of innovation, i.e. the number of innovations or the share of total sales due to new products, which could be considered as the weighted sum of innovations, with weights equal to the share in total sales accounted for by the respective product or service innovations. In a way, the share of innovative sales amounts to weighing each innovation by its degree of success in total turnover. The innovation count or weighted sum of innovations has sometimes been restricted to patented products. A continuous measure of innovation activities would be the R&D expenditures, or more generally the innovation expenditures, often expressed in percentages of overall sales.
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The list of explanatory variables introduced depends to a large extent on the variables that are included in the innovation surveys because most studies do not have access to other data that could be merged with the innovation surveys. The number of variables that can be included in the explanation of the propensity to innovate is very limited. All we know about non-innovators is their turnover, export and number of employees, in levels and growth rates, the main industry they belong to, and their potential affiliation to a group (see Table 1 ). Additional variables are available to explain the intensity of innovation conditional on innovating, but the correction for possible selection bias must rely on the few variables available to explain the propensity to innovate. Nevertheless the innovation survey data have allowed revisiting the Schumpeter hypotheses of size and monopoly power, the demand pull versus technology push debate, the influence of foreign ownership, and the importance of R&D efforts to explain innovation in its various dimensions.
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A common finding is that size explains the propensity to innovate, but does not affect or then decrease the share in total sales due to new or improved products. In other words, large firms are more likely to innovate, but their innovation output increases less then proportionately with total sales. Few countries (France is an exception) include in their questionnaire explicit questions regarding the demand pull and technology push hypotheses, respectively attributed to Schmookler and Schumpeter. Generally technological opportunity is captured by industry dummies. In the absence of direct measures, proxies have been constructed for these two variables using the objective of increasing or maintaining the market share as a proxy for demand pull and the importance of universities and government labs as sources of information for innovation as a proxy for technology push. Both show up with a positive marginal effect but demand pull is more often significant than technology push (see for example Arvanitis, 2008) .
The evidence regarding a Schumpeterian effect associated to monopoly power is mixed. Crépon, Duguet and Kabla (1996) find no significant advantage due to market power. Blundell et al.
(1999) using innovation count data for the UK (from the SPRU innovation surveys) find that the dominant firms innovate more, not because they have cash on hand to finance the innovation, but because they have more to lose than newcomers by not innovating. Indeed, incumbents risk losing their monopoly position by not innovating. The most often reported significant explanation of innovation output is R&D effort, especially the fact of performing R&D on a continuous basis. This variable is significant and positive for innovation in almost all studies (Brouwer and Kleinkecht, 1996) ; Crépon et al., 1998; Mohnen and Dagenais, 2002; Raymond et al., 2006) .
Although the innovation survey data reveal interesting information on the determinants of innovation output, our understanding of the innovation process is still far from perfect. Mairesse and Mohnen (2001 , 2005 and Mohnen, Mairesse and Dagenais (2006) propose an accounting framework to compare innovation performance across regions, industries or countries, similar to the growth accounting productivity decomposition. By linearly approximating the innovation performance function around a reference region, industry or country, it is possible to attribute cross-sectional differences in innovation performance (be it the propensity or the intensity) to differences in its determinants. In their cross-sectional study of 7
European countries using the CIS1 data, they find that the unexplained residual, i.e. the measure of our ignorance in matters of innovation, is larger than the explained part of the share of total sales due to new products, even more in high-tech than in low-tech sectors. 16 Of all the explanatory variables, the R&D variables explain around 20% of the predicted mean share of sales due to new products in high-tech industries and 30% in low-tech industries. Therrien and Mohnen (2003) and Mohnen and Therrien (2003) compare Canada and four European countries.
They also conclude that a great deal of the difference in innovative performance remains unexplained, and that the relative scores on innovation performance may depend on the indicator of innovation that is adopted.
The innovation surveys contain qualitative information about whether firms receive government support for innovation. This information allows the testing of the additionality versus crowding out hypothesis, i.e. whether government support for innovation leads to more innovation than the amount of public funding received or whether it actually leads to a substitution of private funding for public funding. Cooperation in R&D or more generally in innovation activities is often pursued by enterprises to share knowledge, to benefit from complementarities, to reduce risk or to save on costs.
Collaborations with universities are actually promoted by the public authorities and industrial collaborations are authorized as long as they do not reduce competition in the product market.
Innovation surveys contain information on cooperation with different innovation partners. They also contain data on the sources of information for innovation that can be interpreted as sources of knowledge spillovers. In both cases, the cooperation and the sources of spillover links relate to universities, public laboratories, customers, competitors, and other enterprises within the group.
A large number of studies have examined the determinants of cooperation in general and with different partners in particular. Size, incoming spillovers and appropriability are some of the explanatory variables that have been considered. Many authors find that cooperating firms spend more on R&D (Kaiser, 2002; Tether, 2002; Miotti and Sachwald, 2002; Belderbos et al., 2004a) .
However, Kleinknecht and Reijnen (1992) report that cooperation is found as much among small firms as among large firms, and López (2008) reports that size ceases to be significant once it is treated as endogenous. Both studies emphasize the importance of cost and risk sharing in determining R&D cooperation. Cassiman and Veugelers (2002) report that incoming spillovers increase cooperation with universities, but not with suppliers and customers, and that on the contrary appropriability influences vertical collaboration but not collaboration with nonindustrial partners. These results are confirmed by Leiponen (2002) , who concludes that innovation and R&D cooperation depend on the technological regime: low appropriability discourages collaboration with suppliers, demand pull increases the probability of collaborating with customers, supply-dominated firms are less likely to innovate and collaborate, and sciencebased regimes are associated with R&D, innovation and collaboration with universities. When obstacles to innovation are introduced as determinants of innovation, their marginal effects often turn out to be positive. However, once they are treated as endogenous, their effect can become negative as one would expect them to be (see Savignac, 2008; Tiwari et al., 2008) as examples in the case of financial constraints).
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Innovation outcomes
Most of the work on the effects of innovation concern productivity (the level of productivity rather than its growth rate, due to lack of panel data, and labor productivity rather than total factor productivity, due to lack of data on capital and other inputs). The other effects investigated are on exports, profits, and employment.
Crépon, Duguet and Mairesse (1998) Within this framework the R&D-productivity relationship, in other words the estimation of the rate of return on R&D, has been revisited using the information on the outputs and the modalities of innovation contained in the innovation surveys. Indeed the data contained in the innovation surveys make it possible to estimate a more structural and more informative model explaining the link between R&D and productivity than the simple extended Cobb-Douglas production function that includes R&D inputs. As report using French data, the results on the magnitude of the rates of return to R&D found in the early studies of the 80s and 90s are confirmed by the CDM model, as long as proper account is taken of selectivity and endogeneity in R&D and innovation output. The estimates are also robust to various measures of product 18 The original CDM paper by Crépon et al (1998) , estimated on French data, had two alternative measures of innovation output: the number of patents and categorical data on the share of innovative sales.
innovation, in particular qualitative and quantitative measures, and new-to-firm versus new-tomarket product, process and patent-protected innovations. The analysis reveals, however, that the innovation output statistics are much noisier than R&D statistics (probably because they are subjective measures) and need to be instrumented to correct for errors in variables. The endogeneity of innovation outputs in the production function are due to errors of measurement rather than to simultaneity.
The CDM framework has been extended in various directions: the use of profitability rather than productivity as the measure of economic performance (Jefferson et al., 2006; Lööf and Heshmati, 2006) , the use of innovation expenditures rather than the more restricted R&D expenditures (Lööf and Heshmati, 2006; Janz et al., 2004) , the inclusion of a demand shifting effect of innovation output (van Leeuwen and Klomp, 2006) , the distinction between new-to-firm versus new-to-market innovations (Duguet, 2006) , the distinction between different types of innovation outputs (Griffith et al., 2006; Parisi et al., 2006; Roper et al., 2008; Polder et al., 2009) , the use of other determinants than R&D as innovation inputs (ICT in Polder et al., 2009, and physical capital investment for process innovation in Parisi et al., 2006, and Hall et al., 2009) , and a feedback effect from productivity to innovation (Klomp and van Leeuwen, 2001 ). Duguet (2006) finds that only radical innovations contribute to total factor productivity growth.
On the importance of product versus process innovations, results vary across countries. Both are significant in France, as reported in . Actually find that process innovations yield higher returns than product innovations. Indeed, we expect process innovation to affect directly the average cost of production, whereas product innovations can displace existing products and therefore have mixed effects on total sales and take more time to
show up in the productivity statistics. Moreover, product innovations may contain quality improvements that are improperly included in the measurement of output. But this is not always the case in other countries as reported in the international comparison study by Griffith et al. (2006) : process innovation is insignificant in Spain, Germany and the UK, whereas product innovation has a positive significant effect in all countries but Germany. Roper et al. (2008) for
Ireland find no significant effect of both types of innovation on productivity when using the binary specification and even a significant negative effect for product innovation when using the 24 continuous measure of innovation success. Parisi et al. (2006) for Italy find a positive effect for process innovation but not for product innovation. With respect to the role of ICT, Crespi et al. (2007) for the UK find a positive effect on firm performance of the interaction between IT and organizational innovation, but not for them individually. Polder et al. (2009) for the Netherlands, find that ICT affects productivity indirectly via innovation in services, but not in manufacturing,
and that product and process innovations affect productivity only if accompanied by organizational innovation, in both services and manufacturing. Harrison et al. (2008) relate innovation output to productivity growth and then decompose the employment growth into the fraction due to the growth in old products, the sales due to new products and the effects due to process innovation in Germany, France, Spain and the UK. They report that process innovation displaces employment in manufacturing but less in services, but that in any case the compensation effect dominates, and that product innovations are also jobcreating. apply the same model to Italian firms and find similar results.
Two other variables that are mutually correlated with innovation are patents and exports. Duguet and Lelarge (2006) conclude that the value of patent rights increases the incentives to innovate in products, but not in processes, and that the value of product (not process) innovations increases the incentives to patent. Brouwer and Kleinknecht (1999) find that R&D collaborators are more likely to patent. Van Ophem et al. (2002) find that patents Granger cause R&D and not the opposite. Regarding exports and innovation, Sterlacchini (1999) concludes that innovation affects export performance, whereas Kleinknecht and Oostendorp (2002) 
Complementarities and dynamics
Innovators often appear to adopt a number of strategies simultaneously: they perform R&D, purchase technologies, innovate in products, innovate in processes, patent, collaborate, and so on. This coexistence of various innovation strategies suggests the presence of various complementarities in the sense of Edgeworth: "doing more of one thing increases the return of 25 doing another thing". In other words, there is complementarity between innovation strategies when two strategies tend to be adopted together because their joint adoption leads to a higher performance than the sum of the performances from their individual adoptions.
Many studies have tested the existence of complementarity between different innovation strategies using the data from the innovation surveys. Firms tend to innovate in both products and processes (Cabagnols and Le Bas, 2002; Martínez-Ros and Labeaga, 2002; Miravete and Pernías, 2006) , although this complementarity may be specific to certain sectors of the economy.
For instance, Polder et al. (2009) conclude for the Netherlands complementarity between product and process innovations in manufacturing, between process and organizational innovation in services, and between product and organizational innovations in both sectors. Firms tend to produce their own knowledge while also acquiring knowledge from outside the enterprise, be it only to build up their own capacity to be able to absorb outside knowledge (Veugelers, 1997; Cassiman and Veugelers, 2006; Lokshin, Belderbos, and Carree, 2008) . They tend to cooperate with different partners simultaneously (Belderbos, Carree, Lokshin, 2006) , although that depends on the pair of partners and the size of the firm. Leiponen (2005) finds that technical skills are complementary with R&D cooperation, product and process innovation.
Innovation surveys have also been used to examine whether there is complementarity between innovation policies. The perceived obstacles to innovation can be regarded as mirror images of failures in innovation policy. If an obstacle is perceived to be high by a respondent, it means that somewhere there is a deficiency in innovation policy. An analysis of complementarity of the obstacles shows whether one or more policies should be adopted simultaneously to improve innovation. In other words, should there be a policy mix or not? If two obstacles are complements, they reinforce each other. Removing one will attenuate the other one. There might be less of a reason to remove both at the same time. If two obstacles are substitutes, however, the presence of one obstacle relieves the pressure from the other one. In that case removing one obstacle will exacerbate the other one. Both should be removed jointly. The results from Mohnen and Röller (2005) suggest that governments should adopt a mix of policies to foster innovation, for instance by easing access to finance, allowing firms to cooperate with other firms and technological institutions, increasing the amount of skilled personnel and reducing the regulatory 26 burden. Complementarity between obstacles to innovation has also been investigated for Canada (Mohnen and Rosa, 2002) and for France (Galia and Legros, 2004) .
In the analysis of innovative behavior and complementarity, it is often important to account, if possible, for unobserved heterogeneity. Using the DIRNOVA panel data stretching from 1988 to 1992, Miravete and Pernías (2006) have found that not accounting for unobserved heterogeneity can lead to the false conclusion of complementarity between product and process innovations, because the joint occurrence of the two types of innovation might actually be attributable to unobserved individual heterogeneity. Most of the empirical work using innovation surveys has exploited cross-sectional data. As data from a few successive waves of the innovation surveys become available in many countries, with a sufficient amount of overlap of sampling across successive waves, it is possible to control for individual effects and to estimate dynamic relationships based on panel data and in this way to address research questions such as the time lag between innovation and its effects on productivity, the persistence of innovation, and the direction of causality between innovation and other economic or innovation indicators.
One hypothesis that has recently been tested in a number of studies is that of the persistence of innovation. Does success breed success? Lagged innovation is introduced as an explanatory variable to test whether firms tend to innovate conditional on past innovation. A couple of studies based on patent data have concluded that there is no persistence in patenting (Geroski, van Reenen and Walters, 1997; Malerba and Orsenigo, 1999) . Cefis (2003) output, both in the appearance of new products and/or processes and the actual share in total sales due to new products, but only in enterprises that belong to the high-tech industries.
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Little work has been done more generally on the dynamics of innovation in the sense of capturing the time lags of the effects of innovation on economic performance. One example is due to Huergo and Jaumandreu (2004) , who estimated that process innovation has a positive impact on productivity that persists for about three years, using semi-parametric methods and data on Spanish firms.
How to make progress?
We end this short review of the innovation surveys with a focus on their use in econometric analyses by making suggestions to improve their quality and relevance and hence their specific usefulness. We stress some recommendations concerning the design and implementation of the innovation surveys that could be useful for the major purpose of providing good information in the form of descriptive statistics, indicators and scoreboards and for better econometric analyses.
Above all we advocate an active and continuous collaboration of the economists in universities and other organizations use the innovation survey data for econometric studies, with the statisticians that are mainly in charge of the realization of the innovation surveys, their basic exploitation, and the first reports on descriptive statistics, indicators and scoreboards. There is in fact no absolute or clear-cut separation, but a range of interrelations, which could be stronger and tighter, between different types of exploratory data analyses, descriptive statistical analyses and econometric investigations. A pro-active, broader and more stable collaboration than currently, both on the part of the economists and on the part of the statisticians would be a major factor of progress of the quality and usefulness of innovation surveys.
• Harmonize strictly across countries and across waves a core of basic questions in the innovation surveys:
Although there will certainly be country specific issues worth investigating and for which data needs to be collected (e.g. regional aspects of innovation or the importance of FDI in developing countries), it is strongly advisable for the purpose of cross-country comparability to have a core of basic questions asked, in the same way, with the same definitions, and in the same order in different countries. This core of basic questions should also remain unchanged across waves so that evolutions over time could be assessed and analyzed. More specifically, we recommend the questionnaire to be split into three parts: a) the core permanent part, which might be relatively short but should be as strictly stable over time and identical across countries as possible; b) a part carefully harmonized across countries but possibly varying from one survey to another to analyze specific or new aspects; c) an optional part in response to country special interests (such as in the case of developing countries).
As much as possible the sampling procedure should be identical across countries. If this is not possible, information about the sampling should be provided in order to correct for possible biases when comparing performances across countries. It will also be useful to conduct experiments about the sensitivity of the survey responses to the wording of questions and the order in which they are asked, as well as to the functional role of the respondents within an enterprise. All these features can indeed influence significantly the responses to some questions. 20 More generally, it is possible and will be worthwhile to look rigorously into such issues by distributing questionnaires with questions presented with slightly different formulations and in a different order to randomly chosen firms. 20 For a discussion about the international comparability and the differences in the implementation of innovation surveys (regarding content of the questionnaire, target population, sampling techniques, response rates, sectoral coverage, mandatory versus voluntary nature of the survey, institute responsible for the survey), see Archibugi et al. (1994) , Therrien and Mohnen (2003) and UNU-INTECH (2004) .
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• Ease access to innovation data:
Access to the innovation survey data, as with access to other individual firm data, can be problematic for researchers who do not work for a ministry or the official statistical institute custodian of the data. At stake is the dilemma between the confidentiality of the firm individual information disclosed in the survey, which statistical offices are required to guarantee by law, and a broader use of these data for general purposes and econometric analyses by economists in particular. Improvements have been made by granting secure remote access to the raw data or by providing micro-aggregated or otherwise noise-contaminated data that hide the firms' identity.
These methods should be generalized to allow researchers to access data from various countries and do international comparisons. Achieving this goal would require several international statistical agencies to cooperate with each other on providing access. It might be also possible to extend a system currently used in France, which allows selected researchers in academic institutions to have access to the individual information in the surveys for a specific research project, a limited time and with strict confidentiality obligations. The point could also be made that the information in the innovation surveys stricto sensu is mostly qualitative and in fact not very confidential, and thus could simply be made public after some years (e.g. four years after the year of the surveys).
• Merge innovation survey data with other data:
In order to explain the choice of innovating or not, or to correct for potential selectivity in explaining the intensity of innovation, little can be done with the innovation survey data alone, because few variables are usually collected for all firms (including non-innovators) in the innovation surveys. One solution would be to collect more data about non-innovators in the surveys themselves. Another one would be to merge the innovation survey data with census data, accounting data, or data from other surveys. This will of course help not only in improving the treatment of potential selectivity, but will also offer a larger choice of instruments to correct for endogeneity and measurement errors; and more generally it will provide more explanatory variables to consider in the models and thus contribute to their relevance and explanatory power.
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• Create longitudinal datasets:
If a panel of firms could be constructed that was followed over at least a few years, it would be possible to study the dynamics of innovation, i.e., the time lags in the determinants and the effects of innovation, and to correct for firm-specific effects, i.e., individual unobserved heterogeneity. As we pointed out it is hard to infer strong conclusions regarding causality using only cross-sectional data. As we have also noted in the case of complementarity, accounting for individual heterogeneity may reverse the conclusions of some analyses. Having a panel should also help in addressing the difficulties arising from the fact that firms over time enter and exit, and can radically change shape over time by mergers, acquisitions and rationalizations. As we have stressed, however, analyzing a panel built on the basis of innovations surveys that are performed every four or even two years raises specific problems.
• Collect data on groups and especially on multinationals:
It may be argued that innovation possibilities, constraints and objectives are determined at the group level. If this is so, then the group should be the appropriate level of analysis. In particular, a great part of R&D and innovation activities are performed in groups of multinational firms, but innovation surveys only record data from activities executed and performances achieved domestically. If R&D and innovation are planned on a global scale, which is more and more the case for multinational firms, limiting the analysis to domestic data is likely to influence the results and conclusions. A concerted effort by statistical agencies should be made to collect data from subsidiaries of multinationals in different countries.
•
Adapt surveys for developing countries
For the purpose of international comparisons of innovation it is necessary to have harmonized surveys. If, however, we want to go deeper in understanding and encouraging innovation in developing countries, there are good reasons to put more weight on questions that address innovation issues that concern them more specifically. Capacity building, informal sectors, incremental innovations, acquisition of technologies, technology diffusion are more central 31 dimensions of innovation for these countries than first-to-market product innovations or the use of intellectual property rights.
• Organize a close collaboration between statisticians and economists
The elaboration and appropriate implementation of all the above recommendations will greatly benefit from an active and organized collaboration between official between economists working on research and innovation issues and statisticians responsible of the innovation surveys. Such collaborations tend to exist in all the countries, but often in a rather limited and occasional way in the form of participation in committees of users before the final decisions on the contents and the launching of the surveys. The collaboration should be much stronger and stable to be really productive. Based on some country's experience of having different organizations execute the innovation surveys and exploit their first statistical results, one could even think of collaboration in the framework of shared responsibilities. Following the distinction of three different groups of questions in innovation surveys (as suggested in our first recommendation above), statistical offices and professional statisticians would be in charge of the core component of the innovation surveys, which should be mandatory in all countries; they could also be responsible for the country harmonized component, or could decide to entrust research institutes with this task on a long term basis. The third optional (and usually changing) component that responds to a country's specific interest might be delegated to a research group, or the professional or private organization best capable of realizing it well. Such an organization should be more efficient overall, alleviating some of the various costs involved in doing and making use of the innovation surveys, while contributing to increase their overall usefulness. By lessening the distance and differences between the statisticians and civil servants, whose first task is to perform the surveys and inform innovation policy, and researchers (mostly academic), whose interest is more focused in understanding innovation, the collaboration and sharing of responsibilities ensures that the needs of both will be considered and good decisions will be taken if compromises cannot be avoided. This might also help learning from experience and prevent mistakes, such as changing the formulation of questions without real evidence that they will be improved, or suppressing valuable questions to make space for more fashionable ones.
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Conclusion
Since their relatively recent take off and expansion, the innovation surveys are certainly among the surveys which have been most utilized by economists and other analysts besides the official statisticians in charge of them. At present the United States is one of the few developed and midlevel developing countries which do not conduct a regular innovation survey that follows the general guidelines of the Oslo Manual. It is to be hoped that they will decide to join the other countries in doing so in the near future.
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Statisticians and economists have already learned much from the innovation survey information.
They have learned about facts on the basis of indicators, cross tabulations and other descriptive statistics as concerns the occurrence and intensity of innovation, the reasons why firms innovate, the obstacles in the process of innovating, the sources of information for innovation, the cooperation in innovation, the importance of intellectual property rights. They have made progress in assessing, interpreting and understanding such factual evidence on the basis of econometric studies of firm behavior with respect to its many facets: the effects of innovation on productivity and other outcomes, its various determinants whether demand, technology or competition driven, whether its contextual factors are favorable or not, and so forth.
Certainly much more progress should be achieved in terms of relevance and quality of analyses, but hopefully further promising developments are ahead. As longitudinal data on innovation becomes available, it will be possible to better control for unobserved heterogeneity. With more encompassing surveys and possibly larger samples, it will become safer to estimate models separately for different industries as well as for small, medium and large firms. Innovation can have a different meaning in firms of different size and it can take a different shape in low-tech and high-tech industries, or in the natural resources, the manufacturing and the services sectors.
By coordinating as much as possible the contents of the questionnaire, not just within the European Union but also in other OECD and non-OECD countries, it becomes possible to compare to some extent the innovation performances in different parts of the world.
Most variables in the innovation surveys at a particular date are codetermined and jointly influenced by other variables. Few studies, apart from those that adopt the CDM framework, take the mutual dependence and the dependence on third factors explicitly into account. This is partly because of the lack of long time series and partly because of the lack of other variables than those collected in the innovation surveys. As more waves of innovation surveys become available and as the innovation survey data can be merged with other firm datasets, it will become easier to build structural dynamic models of innovation, to find exogenous variables that allow to better handle the severe errors in variables problems and better address other endogeneity issues, and assess the direction of causalities.
Innovation surveys were not conceived to evaluate and guide innovation policy but mainly to inform such policy by measuring and benchmarking innovation performance across countries. In the future innovation surveys could possibly be adapted to allow for some form of policy evaluations. One should, of course, be well aware that the gap will remain wide between even more improved innovation survey data and analyses and the needs of policy and policy makers. 
